A general analysis has been done to investigate the dynamic performance and stability of short wave journal bearing. Reynolds equation is solved for unsteady-state operations. The unsteady analysis has been used to determine the rotor dynamic coefficients for various eccentricity ratios and wave eccentricity ratios. These coefficients has been used to determine the stability parameters such as critical mass and whirl ratio to show that wave bearing provides better stability at higher speed than circular bearing.
Introduction
Short bearing analysis has been applied by various researchers to investigate dynamic behavior of fluid film bearings as is reported in the literature but only few of them are quoted here due to space limitations 1, 2) . To improve the static and dynamic characteristics of hydrodynamic journal bearings, many researchers [3] [4] [5] [6] have resorted to bearing surface waviness and have found it to be better as compared to circular geometry. Wave bearing design is now a days becoming more popular and is relatively simple as compared to other geometries such as spiral or herringbone grooves, multi lobe, step geometry etc. This bearing feature waved inner bearing diameter and allow the shaft to rotate in either direction. Hargreaves 3) and Hassan 4) have done theoretical study of the influence of circumferential and axial surface waviness in journal bearings. Recently Matsuda et.al. 7) determined stability optimized clearance configuration similar to wave bearing. In order to emphasize the improvement in short bearing performance using wave geometry which has been lacking in the literature, stiffness and damping coefficients, critical mass and the whirl frequency ratio have been evaluated and then compared with the rotor dynamic behavior of plain circular bearing.
Governing equations
The wave bearing geometries is as shown in Fig. 1 . The wave bearing performance depends on the position of the waves relative to the direction of the applied load 'W'. This position can be defined by the wave position angle ϕ , which is the angle between the starting point of the waves and the line of centre of the bearing and the journal. The amplitude of wave, the number of waves, as well as the wave position angle, are the basic design parameters of the wave journal bearing. The wave bearing produces similar performance with the shaft rotating in either direction. In the present work the dynamic Reynolds equation for short bearing is written assuming zero pressure gradients in circumferential direction as:
The variation of the film thickness along the circumference of a wave bearing is:
The steady-state and dynamic performance can be evaluated by using a small amplitude perturbation technique. Under dynamic conditions the equilibrium position of the journal centre defined by parameters 0 ε and 0 α is perturbed by a small motion.
Relatively, the instantaneous position of the bearing center is defined by 
The static and dynamic pressures are calculated by integrating the differential equations which were obtained by substituting equations (4) into the Reynolds equation (1) and collecting only up to first order terms as given below: 
The pressures are calculated for 1 = γ satisfying boundary conditions given by (10).
It has been assumed that fluid film exists between 0 to π . Film ruptures beyond π and does not build up after that. Therefore, for calculations of stiffness and damping also integration has carried out between 0 to π due to existence of fluid film only in that region.
Dynamic Characteristics
The non dimensional fluid film stiffness and damping coefficients are defined as: ( 1 1 ) The corresponding critical mass is the mass required to make the bearing unstable under the selected working conditions and is represented by following equations 6) . 
Equations (13) and (14) can be used to determine the mass parameter and whirl parameter which shows the stability of the bearing for a given journal speed.
Results and discussion
Since the expressions for pressure distribution, stiffness and damping coefficients, critical mass for stability and whirl parameter are in the analytical form, the results can be easily evaluated for any L/D ratio lower than 0.5. Results are presented for
Stiffness and damping coefficient variations with eccentricity ratio are shown in Figs. 2-8 for a 3 wave journal bearing for different wave eccentricity ratios. Influence of wave eccentricity ratio can be discerned in these plots. Stiffness and damping coefficients decide the stability of a rigid rotor on fluid film bearings. Stability of a rigid rotor has been determined in terms of critical mass for stability and whirl ratio using linear vibration theory. Expressions for mass parameter and whirl parameter γ 2 are given by equations (13) and (14) respectively. Plots of mass parameter in Fig. 9 show better stability with increase in wave eccentricity ratio. Influence of wave eccentricity ratio on the whirl parameter is shown in Fig. 10 . Reduction in the values of whirl parameter with wave eccentricity ratio show increased stability of the bearing. Improvement of stability of the bearing is also reflected in the whirl parameter becoming negative as the eccentricity ratio increases for a higher wave eccentricity ratio. It means that whirl ratio γ becomes imaginary at higher eccentricity ratios for wave bearing which indicates higher stability of the bearing. 
Conclusions
The stiffness and damping coefficients increase with an increase in wave eccentricity ratio. Wave journal bearing offers better stability than the circular journal bearing under all operating conditions. Furthermore, the wave journal bearing offers stability under operating conditions where the circular bearing may become unstable. 
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